21t EFE—LRBZFZEETS
HInE S ERINEZE R
-Superconducting RF Cavity Opening
the 21st Quantum Beam Science-

BRI —INEISSTZEHERE  ESFTRIEER,
HRKFKRKZERB ICEPP
Ek #A
=

Y _F7—aT(4 57— X{EEHEFL——, MR ERLIELTERBREENS
RFNIFFET. 21HEDEFE—LEZZHR T SBEESRRILRERZEZZNT
T5, _COBEMIBHAFPESRREM-MHAREZE tZ-REMF-EE-1B{EEE

MG E LSBT HEZaET 5, CCTIIBEEEREED-OICHELBIZEDH
NS AT ORE, ZiRERET. ZREVEE. HREBIEE. ZRMREEZEOEER
TRREUEBLZE(CDODWNTEET D,

11-13/May/2011 K.Saito RRMERFREFER/—F 1
2011




O©CONOURAWNE

11-13/May/2011 K.Saito

HBIZEZ RO E

SRFD - D BB D EFE R H
SME_AIHMOREE
SRFZERIMDERETE
SRFZER D & EE

SRFZE R D T4 gERIE %

SRF=#JZ DM EEHIRER
—ATRBIEEZTROFREmNIEE
A THBIGEERMERE~NDKEDOEE

. #Jz:ﬁ HODO'J—/‘?H_L

ILC( m(ﬂ—KEK WG50)R&D$szﬂ

. ORI

p.001 — p.120
p.121 —p.171
pP.172 — p.234
p.235 — p.316
p.317 — p.359
p.360 — p.387
p.388 — p.446
p.447 — p.512
p.513 — p.533
pP.534 — p.552
p.553 — p.570
p.571 — p.689
p.690 — p.760

RAPERFREPRER/—H
2011



1. BEEMEZERD A

1.1 RF&Z% - SIRI/ILF—IIESS
1.2 FHULULVIRET SR
1.3 BEF-FEAAINESRS

11-13/May/2011 K.Saito RAYMBERXFEREFER/—
2011



What about the Future ?

High current 2010%~

FEL $¢4R
Electron 1965~1975££1’€©

KEKB
Ty Z Electron ceser =) [SuperKEKB
HEPL(High Energy Physics Lab)
SCA gtorage Ring ‘90~200Q4

Nuclear Physics, FEEL TRISTAN(KEK)

1975~19854F 1% HERA(DESY) _
j \ LEPICERN) 20154

Cornell K2 —>< Joasien DESY TTF :>|:>m

’ FEL
Heavy lon 1970 ~1980F Recifl?lfar machine

BAY D=L R —~EFEMERER(KFK) CEBAF(Jlab) X84 e 20114~
US Argonne National labs (ANL) -%55 EURO
FEL :: X-FEL
G

DALINAC(Darmatadt)

IR-SASpz s Proton|| Many labs plans
Heavy ion SNS

California Institute of Technology (CLTEC), 19785 ~

State University of New York %Ta;gsggﬁ\%{fgﬁ—za— :>2012

INFN-Legnaro

11-13/May/2011 K.Saito RAMEBRZREFER/—L 4
2011



1.1 [RF#%ME -SRI —PE

~D i F

RF%-mAUFDES

— MEBOND(E B DRRT Hh—

11-13/May/2011 K.Saito

RAYMEXZFREPER/—H 5

2011



‘
-y,
\9

HREZDZLIZIE

a0

BFDBEERNDIZIL.
200MeVELED B TR ILF—

ARMDRESEEDRED BEFHELRBRNDLE
F-JRMEMWMEREHTS
10-19m =1A
W = \/(mocz)z +p’c® =m, e +T,
p°=2m,-T +z—22,
% _E_ fic 10 15m
P T-@+2mc?/T) w
EF-ERIELHHE
+— 20 fmo10m) f&F
T(MeV) BF
FEATFZINET SEE NEFZNVLELLGSD ! KERF
11-13/May/2011 RAYEBEXRFREFHFR/—F

K.Saito

2011



MEIRILF—ICHIHFTOMREZEHELED

10'10 g CTTIIN T T “““‘: IR L L ““““ S O It O
N —Electron |
10'12% ——————————— N T B - ~_ | .
\\‘:~ ,,,, N
0% B DU N R T f
=2 TN
P o™ S — S N— S — NG — ]
0 - \ - R % NG
 1GeVEELDHFTHRIOMERAHE
LIk,
1020 il i il i il el el il
leV 1KeV 1MeV 1GeV 1TeV
Acceleration Energy
_ __ 1X102 eV=1KeV
VASY 3— /= == N D =]
g 7] —Cn-l_ﬁ L/'—Coy‘é =t. /ﬁiiE Fl:ﬁLE]- 1x10% eV=1MeV
1x10° eV=1GeV
11-13/May/2011 RAYMBEAPIRERES/ — 1x1012 e\VV=1TeV
K.Saito 2011




Rutherford @) EE&
19084 /—~JLLEE

&5A

1911 Rutherford
%%ﬁ%?%o%ﬁ
[RFRDFE

1013 [ L

BohrD & IR Fi= 3!

L

1928 EF NF DAL

RFEDEDODES
M EFEEL, Hofstadter 1961%F/—ANJLE

Ze? cos(§)

2
do(6) _ 2
dQ _(2Eesin2(g)) |F(q)| ’

F(a) = [ p(r)e - dr,

K; q
\ 0
Momentum transfer N
kin

) dQ

[RFi%ERmE (X

G=[af=2ksin$ = 7¢sin 3 FLHFTLS

Bk 2
Paring effect
(BIzEHR)
ESclbpts i



RF&Z(DHLSHEBEE) [EESEBESNTLSH

o JITHIFIEE
EBRIEORTERDZFNMILITEET S,
FEERTOOIL, DX S IYIRTORIILOHRT

BHIZE 2
- Tpzvg) vo) = BN
K 2p
ROVIFUIN— "IEFEHHIIREFEA. N=2, 8, 20, 28,
50, 82 HE XV 126D EF. R FMNERBICRE = REICERBATES,
BB - AE B EFAL-SHDE A (Mayer, Jensen)
V=V(r) + 20A2B]-s AT

" EEHEEER
R LI THEAADHEVERD X, RBHREERELTRYAN

3.
V(r)=V= V()+20A231 s+V(0)0,,"0,)+ V(D)TT,) + V(1) Syt




JRILAFIRBC KD IR I%IEE D K E

0 0 R ,/’(
|
-V
(a) FAFIRENFRTIwIL
k
ol R
-V,

(b) HFEERTUIvIL

Z 1i,2g,3d,4s 56 (168V/

5 | Lh, 2f, 3p 42 112)
41182435 30 /{;o)

5| 1£:2p 20 //(4m

9 1d, 2s 1&// (20)

1 1p ' A (8)

e /2
d//// 3o

~Vi —Vo
(a)

138)

3p 6 (
1i 26 (132)
2f—14—(106)
3s — 2 . \(92)
29d 10 Ves)
1g 18 (58)
2p 6 (40)
1f 14 (34) |
2s 2 (20)
1d 10 (18)
1p 6 (8)
1s 2 (2)
e {
2MR?
(b)

B 62 3KRTHBAEHF X7+ (a) 2 ERE
BUIHFRAT Y Y v n (b) OWRKHE (5

ROKMEIXZ ORMITID 5 BT,

BB F O Fn)

o



B/A (MeV)

R FRDIVIF 2 1N\—ELS T D]

7

% H

|
ool 85—
Z= 20 28 50 82
+——"mru m i
8.5 g \xgx
T
Ny
N
8.0 9 i
i 1 N
7 'Y £
s X N\
[-3]
25 Y \
< 4 /
b
=3
| (IR
1
0 |
0 10 20 30
i
0 50 100 150 200 250
A
Bl 4 "ERD B/A ¢ A oBE%

(HfRix (15.9) Rww Xk 3)

IDI

X 64 X DD WBF e — a0 tHe

B X% 2 E#EL (8EEEA)

(WM DAL Veo=v()Il.s D
AfE (0(r)<0). + 12 s %1
ClokmE (+z2 H@\), — iz
THRHEEZTRT. S10 1229 w b,

Dy 25 FHEHI2R)



L-Sbﬁ)&l:é:é?*‘)v’ﬁ"/{ \—NEH

V{)

_Vo

(a) vwXe4r7yvnEs
vy yn (10.4) %

- VO

V(r) =

11-13/May/2011
K.Saito

1+exp{r—R/a}

N,

s

SR NINRG

—
-
e
e
(—y
—
[P
T
1
[}
fowrs
-
SN
|-
-~
w —
S ]

=g
N

-
rd
'/
(N3
=)
#
[
=
N,
~
AR
H N WA
(W]

HO 1SQ FSQ WS WS +SO0

Bl 63 HEOLIMGEART VY v LI X5=FAF—#EA (HO
RHAFIRE T, SQERcHWHER, FSQix
BROBROHFH, WS Ry owxX.4v2v i,
WS+SOuWS7 5 A A€ v AR HRTF v v /)

6



Paringt8 B 1EFF

BIZEOI/IN—R7—OF7FAS—

2{&E D% FH
In=Q*
IZ$EE9 55| HHEE

£

4

i J = e N —— =
(a) (b) (c) (d) FHEBENTTE,
BRAN X % Rl 15 BCSEHC L HERT

WogTER O REREOR AEERBOR M
B & T L(BCS) U238I3 & E 1%, U235(%
B 71 EH ER THAA~, 1950 of) BnHZEZT,
11-13/May/2011 A AR ch %/ — | 13

K.Saito 2011



U235M #% 7

BRRIZU235M0.7%FET B,
3~4% (T EHEL THRIREHZES,

X 172 BT x5 23850

el

il
Pa—y
[

&

B

1 |

] % X

IHRRRIL

HEFLL

Bant

%
i
1
A

:
[
]
[

b

)

1%

HEXA

76 88 100 112 124 136 148 160

TEERYOBEERS T

FFr e TAINE—(MeV)

e

REEADIRILE—(5lH)E
H—aOVIRIILF—(FH)D
BRUE TEAHETIEZT,

(A)

f

(a)

b
b D
L CD
(©)

Te
Y
oN©

(b)

B 175 ®UoERexT 5
RTFT VY =R
¥~ 0% (L 14
X 177 o HE&M18)

Eor T
a




LL]

RFZESTRILT—YE

BFIZIX, ShHD.
IN—F U IRBN(TT A=) 19604

0 0.5 1

r (fm) .

1.5

B 49 T 0 EMH

SRR FIZYE

0D B 4]

J0—7DEHEZANT: ‘ SIRIILF—BFIE:S

BT AAE R (S CEBAF (Jlab)
Rare isotope® 4 ik BEL =<0, Wl <5 2
e B SR O A AR ., SO UM ILKRFEFRIB




1.5GHz 5-Cell
BIZEZER







B IRJLEX—YHE

xR E:mg

— RS HO N

GeV

2 2
m.c m.C

mc® = —= =——=—=mc"+T

V1=-/4

H
) 2545 —
f5 8 F I
10
T

11-13/May/2011
K.Saito

1000

100

10

0.1

0.01

AL EERE

BT —> «— RBF

DA—o LT

BEF—> «— BF DiEELEL
BEF—> «— BEF
_ EFDHRD
RF— @ BFY L, sonsa
B — @ BT EBFDRES
25 — @ EFi RF D

RES HEE



H R D MESS

EFBEFE
piibs & L5 hnER¥F IRILF—[GeV] SERLAE R
SPEAR SLAC (#H) et + e 4+4 1972 JyyDFER. Richiter/—~JLE
Tau neutori®dF R . Redermann/—A~JLE
DORIS DESY (F41Y) er+e 55+55 1974
CESR Cornell CKE) et+e 8+8 1978
PETRA DESY (F/Y) et+e 22+ 22 1979
TRISTAN KEK(B &) er+e 32+ 32 1989 HizEmEEROERMOERL
SLC SLAC(kE) et+e 50 + 50 1987 Zo RIFDERL. REETILOKREE
BEPC IHEP(FRE) et+e 23+23 1989
LEP CERN(RAR) et te 50 + 50 1989 Zo RIFDERL. BEET VORI
105 + 105 1999 W= R FDER
PEP-11I SLAC(kHE) et+e 3.1+9 1999 CPHMMEIEREFORR
KEKB KEK(BZ) et+e 35+8 1999 CPXI Mt EFREFEDHRR
BEPC-II IHEP(F E) erte 2006
ftutE
ISR CERN(RAR) p+p 31+31 1971
SppbarS CERN(RAR) p + p bar 315+ 315 1979 Zo, W* MHF R .Rubia/—~JLHE
Tevatoron FNAL CKE) p + p bar 1000 + 1000 1985 Top quark DHER
HERA DESY (FAY) e+p 30 + 820 1991 Glueon DHR
RHIC BNL CCRED) Au+Au 100/u + 100/u 1999
LHC CERN(RAR) p+p 7000 + 7000 2010 Higgs . SUZY$IF DI
J-PARC EWEE p 30 2010 T2KSEER A




11-13/May/2011
K.Saito

LEP-I1I

RAMERZFHREPRER/—H
2011

20



LEP-II @ CERN

LEP &/&27km Zo factory

11-13/May/2011 RAYEBEXRFREFHFR/—F
K.Saito 2011



LEP-II

350MHz=7 7 S B MNE ZE H

OPAL Detector
ICEP(Tokyo U.)




LEP-11 (CERN)

Beam energy 50GeV == 105GeV Energy
B BNEZE

3t

u) (s bj ___— Z, factory :D W # production
[dj (c) (t Higgs search

e n T




BRFNFIREOHCADEERS

> v
. .
o ‘e
. 0

WL WL
%**ﬂ% t*ﬂ.;rﬂﬁ *EE-1,FA o %m*ﬁﬁﬂzm :..l.sgl‘\*ﬁﬁﬂzm ""“‘ gﬁb\*ﬁﬁ{’ﬁﬁﬁ

e e M u q
u S b \
d/ \c/ \t R m

GaugefiF
Photon(y), Gluon(G),
Weak Boson(W,2)

Proton

/I EARE .




$

NI FHFY)

BADREE

S

=

PR

pemmmmmmeol PEBRISHETE -

________________ |
|

|
e
| AULFE !
| #% ] [Z2—ro | o FmROL L] - |
: > Jj-]gT“-_ EXEEE | 8 55t 1ok TR ER ETEN®
FEE—TE I NP
; JIER?
| Ej] | l
' fEth hef |
|
' Ty EEAE : BULER ?
: BHAN Zab T A= |
: /77 \ NNV TATYD deee R DA INOLE 7
| r________v____:/7‘-- ~
f =RERSE || 2rEmE® v S SEEE |
= [EFE UD)1 R D
i > ORI I Eﬁiko“/m:\yjjs_\??/f?,’/, AV, Bl OQ:TWSE;H%# ..............
h | ERARMOBYAS EBER SUQEY [
N | ! TAVN—=T HSL||
| - | i H|ggs$u?? \
| EELR2 ! i ; | ARE—ER || 8
| IR : \ Tl su) A#E— 2
I 5 e
| TETONS : “\ A ,4'!’2-?5”;51;? SYSYHIF? ;
! \ . ;
aLEa = X EFBHE SUG—

i | Nl (’u.,/ —a—hY/IZE!
I | . 7=V 7




RERDBIRILF—YE HiggsHFEHHE !
g | N ] " FHOEE ) —YUHS ]l R

FHOBEENRE

IRILF—[GeV]

IERS ASM5 —
IRNF—EEED—RIZEFLT
Nano Cosmic BighanZ A THIIZ{E5ER

11-13/May/2011 RAMBEXRZREFHEER/—H 26
K.Saito 2011



mLARILF—1E

wll

e



L HC
HiggsiE &

— ALCPG11(March 19-23 2011)DER/EMND —

11-13/May/2011 RAMBEREREFER/—F
K.Saito 2011

28



Ground View of the LHC
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ILC Machine Scheme

500GeV

1TeV

Electron Source :BFH4EIR Positron Source : [BEEFHER
Undulator : BFERXBWIBO P TRTENSE. ST —RERESEDILEE, TOH O IT—BREFVERI—T Y
ICHT. BEFEERT S,
Spin Rotator (SR) : BEF - BEFORBORELXEERT HEE.
Damping Ring (DR) : BF BEFZEVJICLIESEFH T MLV (BISVAVR) E—LEERKT S,
Bunch Compressor (BC) : BENVIT TONUF (MEEF - BEEFH) ORI BERICERETEFLIOTINE
B EHET S,

Main LINAC: BF-BBEF%250GeVETMEL TEBITRILFX—% 525, U=F—aAS5(/F—TH &L KELEH
THb.

Beam Delivery System(BDS) : Main LINACTINZEL-BEF - BEFE —LEZRYLTHLLEHRRAICEL,
Interaction Point (IP) : BF BB FEEHEIE S, TOEVITH FREEEZETHEHONS,
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Requirement from SCRF

#82Y)R LED7EL, Beam pulseEZE<,

CWH AR, YERERTIENIH—BE, e
WA RO AFAETE 5, HEEZE
2
P|OSS — ( EaCC j /QO
Z
Pin RF pulse .
~ 60W / cavity @23.4MV/m
> P =060x21000=1.26 .10° =1260KW
Filling time(420us) n ~1/1000, Pref.~1260MW

: Duty =1.3msec x 5/1 sec=6.5-10"

; j/" | P, =6.5-10° x1260MW =81.9MW
cav : / :

E—LMRIZIFFEZAGWLADREERIZES, BYURLNAZNWECDE D THENET T 5,
NILAEZRALT BYRLFRELT . I\ FRIENELLAD T, /\>FZ EDfeedback control
MEJEEIZAE B,




ILC Baseline Parameter

Bunch charge N
Number of bunches 1
Linac bunch interval th
Bunch length Gz
Vertical emitance Yey

min

1330
154
150
0.03

nominal
9

2820
308
300
0.04

max

5640
461
500
0.08

x10'°

ns
um
mm.mrad
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1.3ms
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E—LINEEF | = 2E10 x 2820 x 1.6E-19/(2820 x 308E-9)
= 0.0104A=10.4mA
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5GeV Injector LINAC
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FoEUR !
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okm Damping Ring and R&D issues

!§GeV Inigctor LINAC

I,=1 x 43=447.2mA
Electron RD: 6km

Positron RD: 6kmx2. &%
ENZT B,

Damping Ring
JE& = 6.06km
260.568/6.06=43

AME DN FHEHRAD |
5 /\A\ﬂ 2820 250GeV Main LINAC
308ns 1
e

.,

v

7.16ns

Damping Ring CDiRE
DIFEITRVDE—LRYBLYyED—DRFE (L5 EMNY3ns, LESMNY3nsATF)
2) DRTOIMREBRMNAMBRELAGY , RERMEFMHABELLTS, 3ns 3ns
3) DRTMfast ion instability (electron DR). electron cloud instability ( positron DR, 12km).
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ILC Main LINAC Tunnel

Two Tunnels
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Cryomodule in the ILC Tunnel

16004
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ILC SRF Cavity

TESLA Shape : BC

170005
reumn| 4 g 1ol i b L R GO g |
i 4. - — - . - . ..: v
power coupler
115. 4mm
1036mm
1256mm
64

Figure 2.1.3:  Side view of the 9-cell cavity with the main power coupler port and {wo
higher-order mode couplers.




_.C500 Gradient dependence with tunnel length and co:

ILC500 L | =500E3/(0.7%Eacc)+7 ] 1.18
L Fill factor=0.7, BDS=7km
45 L ] 1.16
—_ i 1 1.14
g 40 TESLA
= F N\ 1 112
- i 4
2 L \ 19 11
@ 35 N 8
T | \ILC BC ]9 108
=
g i 1.2
s I 15 106
= 30 f \‘\ ILC AC(acteptance) : E
()
m 1-04

25 [ \ 1 1

\: 1
i \ 4 Y Y il
20 Pttt e e 0.98
20 25 30 35 40 45 50 20

Eacc [MV/m] Eacc [MV/m]

Total cost = Tunnel(1/Eacc)+Cryomodul(1/Eacc )+RF(Eacc)+Cryoplant(Eacc?) + Cryo-Operation(Eacc® ) + Beampower(const)

2
]' Eacc”™ + CBeampower

1
=[C, +CCM]'% + Cge-Eacc + [CCryplant + Coryoop
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ILC Baseline of the main LINAC cavity

BCD: ACD:
ILC parameters related to SCRF . :
Baseline Alternative
_ Low loss
Cavity Shape TESLA
Reentrant
Gradient 35 40
Acceptance [MV/m]
Performance
Qo 0.80E10 0.80E10
Gradient
Operation IMV/m] 31.5 36
Performance
Qo 1.0E10 1.0E10
T Type-1V
Cryomodule yPe yPe
CM Nur_nber of cavity g g
In one CM
Input coupler TTF-111 type CC coupler,
P P P Double window type
TESLA-type, Coaxial ball,
Tuner NO BCD Jack




ILC SRF Cavity

BCD Cavity shape : TESLA

r - 16000 cavities

ACD cavity shape: LL
.\ ’f\/“\f’"“\mff\{h " A Y &
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Spring-8 (EEREE)

Spring-8 HPXUY
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RS FepHh T SXFEL, ERL

« Short time scale(femt-second) CODIR R R
EREDEIE - HEeEfET. Al - Radical RICDEENT =F

o« MIEDRFOT-EIEE. FITYIF Abeam
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BROA A=
(D.shapiro et al., PNAS. 102.(2005).)
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Free Electron Laser
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SASE(Self amplified spontaneous emission)

E Ay 2 eBuA y
Y = e2 A ph = 2(1+Krms),Krms:2
é - m, -C 2'Y TMeC
F Ao wavelengh of the emitted photon
v A Ay - length of the magnetic period of the undulator
‘ I/I W\\ ‘ , Kims  averaged undulator parameter
\ \
\ 1 2L —al i — ~
U P WL DRI >-FEE ., (KTIvyF> XAbeam
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FLLERE
F=eVxB I
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S00KV 1476 MMz
Pulse Gun Buncher
1~200 kv

IR B D XFELE % (Spring-8)

E = 230 MeV
g=1nC
Ipk = 2 kKA

At = 0.5 psec.Fvam
Az = 0.15 mm.Fvem

C-band Linac C-band Linac

E=1GeV Ax=36nm
q=1nC p=89x10™*
Ipk = 2 KA Lg=094m
At = 0.5 psec.Fanrm Lsat=20m
Az = 0.15 mm.Fiwvim Puat=19GW
oe/E = 2¢10™*
€n= 2 xmm.mrad
Undulator
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Excitation of SASE-XFEL inthe TTF

Jiab, R -REBDEBGERE LY KESLIRETHSASEFRK: DESY TTF (FLASH)

BIEETOD)=7—a5A4F —TESLALITL TRAH
é;hvf:o

HBIRE) =7y TOSASERIRD BT
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The European XFEL - Progress and Status

EURO XFEL(14GeV)IZRE

Overview

TTC Meeting, Milano, February 28 to March 3, 2011
Hans Weise, DESY



The European XFEL - Progress and Status

Accelerator Complex Start-up Version

80 accelerator modules

6005 MOTESLA 9-Cell 600 accelerating cavities
— & 7T E AN
E{K%Ilﬂb\1§bhéo 13 GHZ / 236 MV/m

25 RF stations
5.2 MW each

TTC Meeting, Milano, February 28 to March 3, 2011
Hans Weise, DESY



The European XFEL - Progress and Status

Accelerator Complex with New Parameter Set

Baseline New Parameter Set
Electron beam energy 17.5 GeV 14 GeV
Bunch charge 1nC 0.02-1nC
Peak current 5 kA 2 -5 kA
Slice emittance <1.4 mm mrad 0.4-1.0 mm mrad
Slice energy spread 1.5 MeV 4 -2 MeV
Shortest SASE wavelength | 0.1 nm 0.05 nm
Pulse repetition rate 10 Hz 10 Hz
Bunches per pulse 3000 2700

EE0.05nmADaE—L U MXEEE HIR

TTC Meeting, Milano, February 28 to March 3, 2011
Hans Weise, DESY




Energy Recovery LINAC (ERL)
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Successful 1GeV Energy Recovery in CEBAF
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The Cornell Energy Recovery Linac Project

/4 5 GeV, 100 mA, hard X-ray light
CESR source

North ERL Linac, 35 modules

\

Injector 5_|
N ™D

O

\ e

=

-

v South ERL Linac, 29 modules ©

Beam Stop m

)

—

*Cornell is pursuing funding for a Energy Recover Linac (ERL) based x-ray light

source.
*A project design and description report is completed.

*An ERL injector prototype has been developed, fabricated, and is currently under
commissioning.

*Design work on the main linac cryomodule has started.




The Cornell ERL Injector Cryomodule

HGRP system with 3 sections
<4 /
e 15 feet

Frequency tuner /

HOM absorber at 80K
between cavities

Twin Input Coupler —
—
1.3 GHz RF cavity ~—

= Number of 2-cell cavities 5 = Number of HOM loads 6
= Acceleration per cavity 1-—3MeV = HOM power per cavity  40W
= Accelerating gradient 4.3 —13.0 MV/m = Couplers per cavity 2
= R/Q (linac definition) 222 Ohm = RF power per cavity 120 kw
= Qext 46104—-4.110° = Amplitude/phase stability 103/ 0.1 (rms)

= Total 2K /5K / 80K loads: 30W / 60W / 700W

ICM length 5m

MBIAIDAO UY :S3|NPoWwoAId 14T [|BuUJ0)



Cornell ERL Main Linac Cryomodule

HGRP support post HGRP
~40K thermal
shield

|
-/

Superconducting
Beamline HOM magnet & BPM
. absorber
7-cell cavity

Gate valve

= Number of 7-cell cavities 6 * Number of HOM loads 7

= Acceleration gradient  16.2 MV/m = HOM power per cavity ~ 200 W
= RIQ (linac definition) 774 Ohm = Couplers per cavity 1
= Qext 6.5x107 = RF power per cavity 5 kW

MBIAIDAO UY :S3|NPoWwoAId 14T [|BuUJ0)

Total 2K / 5K / 80K loads: 76W / 70W / 1500W = Amplitude/phase stability 104/0.05 (rms)
= Module length 9.8m
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Heavy 1on
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Spallation Neutron Source: SNS Project

Description Aéceleratorl

Project Support 75.7 N — -
Front End Systems 20.8 20.8 ¥ﬁ L L\q:ﬁ;*4$1 2006¢'~0 peratl O n Start
Linac Systems . .

Ring & Transfer System
Target Systems
Instrument Systems
Conventional Facilitieg
Integrated Control Syst
BAC

Contingency

TEC
R&D
Pre-Operations
TPC

At peak : ~50
People

worked on the
construction

of the SNS
accelerator

US 6 major AZ#EDHFAFTO>T o F 95




Accelerator complex of SNS

402.5 MHz 805 MHz

P » d »
<« » <«

HEB:T
RFQ DTL p=f CCL |=f SRF, $=0.61}= SRF,p=0.81 = °

1 1 o 1 P

Injector  2.5MeV 86.8 MeV 186 MeV 387 MeV 1000 MeV
1 RFQ 11 Medium- Cryomodules - 3 Nb cavities each
6 DTL Tanks 12 High-p  Cryomodules - 4 Nb cavities each

4 CCL Modules

1.0 GeV Ring Target, JKER

Up to 1.3 GeV
96



Overview of the SNS(Completed 2006)




Wide view of the SNS

JXGTERIZ & B T IKFRGLED J= D2 LD _EZFEER,
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hy SC Proton LINAC ?

Superconducting RF Advantages:

Flexibility =» gradient and energy are not fixed
More power efficient =» lower operational cost
High cavity fields = less real estate(X #32¥))
Better vacuum =»less gas stripping

Large aperture =» less aperture restrictions =» reduced beam loss
=» reduced activation

Medium 3
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SNS SC module production

installed at SNS



HBIEEAA B INERS
{5IFRIB-

11-13/May/2011 RAMBRKEREFEZRZ/—+ 101
K.Saito 2011



Production of Rare Isotopes at Rest
Isotope Separation On Line (ISOL technique)

1. Bombard a thick target of heavy nuclei with energetic light
particles, e.g. 1 GeV protons, to achieve random removal of
protons and neutrons or fission I

/ -

N
/

—— q
e ~_

2. Extract rare isotopes from the target material by

diffusion or effusion: ionize and accelerate them to the
desired energy to get beam of high quality

102



Production of Rare Isotopes In Flight

1. Accelerate heavy ion beam to high energy and pass through a thin
target to achieve random removal of protons and neutrons in flight

— hot participant zone —
projectile fragment
projectile
target
2. Cooling by evaporation Rare isotope beam

projectile fragment

103



World View of Rare Isotope Facilities

Louvain- Ia Neuve Beijing Atomic  KORIA

ARENAS Energy Institute NSCL Coupled
GSI-FAIR & 100kW ?E\cf\aotom Facility,
/GeV/u 50 kW RIKEN églﬁlBU i
DRIBS RIBE qRiumr /
L ISAC land II - e
kW otre Dame
A JAERI/KEK 100 TwinSol
yisdllvs $Ca'C““a pECe Texax A&M/ \FSU e
TGANIL V| #Y Legnaro SPES o A% v Upgrade /7 RESOLUT—
LISE/SISSY CERN ORNL .
SPIRAL2 REX-ISOLDE ARIEF w

HI-ISOLDE Sao Paulo

Black — production in target (ISOL)
Magenta — in-flight production

104



Domain of FRIB Research

Gain factors of 10-10000 over operational facilities

105



The Four Themes of Research at FRIB

Properties of nuclel (nuclear structure)
» To develop a predictive model of nuclei and their interactions

» Study of many-body quantum physics: part of mesoscopic
science — quantum dots, clusters of atoms, etc.

Nuclear processes in the universe
= Chemical history of the universe, (explosive) nucleo-synthesis

» Properties of neutron stars,
EOS of asymmetric nuclear matter

Tests of fundamental symmetries
» Effects of symmetry violations are
amplified in certain nuclei

Societal applications and benefits

= Bio-medicine, energy, material
sciences, national security
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Nuclear Processes In the Universe

Important scientific questions FRIB addresses

e What is the origin of the elements In the cosmos?

— Synthesis of neutron-rich nuclei heavier than iron: r-
process

— Gamma-ray emitters in supernovae

« What are the nuclear reactions that drive stellar explosions?
— Synthesis of proton-rich nuclei: rp-process
— Weak interactions in supernovae

o What is the nature of neutron stars and dense nuclear matter?
— Nuclear processes in the crusts of neutron stars

— Symmetry energy term of equation of state of nuclear
matter

107



Original FRIB Location on MSU Campus

— Green - existing
— Blue - new
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MSU FRIB Proposal

Two tunnels: linac tunnel and RF/service tunnel

109



Double-folded Linac
“Oneration Panerclin”

» Physically compact layout; minimize tunnel size; one tunnel for 3 linac
segments

Are you trying to
redesign a FRIB?

W. Hartung, 19 April 2010, Slide 110



Radlioactive lon-beam Reaccelerator

e ReA3-
— High-intensity EBIT as
1+ - n+ charge breeder

— RT RFQ and SRF QWR
cavities and
cryomodules

— Energies 0.3 to 3 MeV/u
« ReAlZ-FRIB

— Energies 0.3 to0 12
MeV/u

3 ReA3 Cryomodules

W. Hartung, 19 April 2010, Slide 111



FRIB Resonators

8=0.041 P =0.085 B=0.29 B=0.53

112



Component Counts for FRIB Linac

Bopt 0.041 0.085 0.29 O 53
Resonators 16 96 78
0] [2] [4] [4]
Solenoids 16 36 13 18
0] [0] [2 [2
Cryomodules 4 12 13 18
0] [11 [ [2
# = accelerating cryomodules [#] =

344

87

52

matching cryomodules

Plus 5 accelerating cryomodules and 4 matching cryomodules for

Re-accelerator (ReA3 + ReAl2)

113



= 0.041 Resonators

Resonator with helium
vessel, tuning plate, and
Stiffening bottom flange

elements Prep for Dewar
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Double-folded Linac“Operation Paperclip”

» Physically compact layout; minimize tunnel size; one tunnel for 3 linac
segments

Are you trying to
redesign a FRIB?

W. Hartung, 19 April 2010, Slide 115



80.5 MHz B = 0.041

4.5 K
Cryogenic
Circuit

N4 Cavity
9 T solenoid
TOta.l Magnet
QTY =4

40 K Thermal
Shield

Titanium
Alignment
Rails

FPC/Tuner
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80.5 MHz B = 0.085

4.5 K
& enic 40 K Thermal

Circuit \ -
N4 Cavity

N\

Titanium
Alignment

Magnet Total QTY =12 Rails

9 T solenoid FPC/Tuner

117



80.5 MHz B = 0.041

4.5 K
Cryogenic
Circuit

N4 Cavity
9 T solenoid
TOta.l Magnet
QTY =4

40 K Thermal
Shield

Titanium
Alignment
Rails

FPC/Tuner

118



322 MHz B = 0.29

2 K
K cenic g?]_Kk;l'hermal
Circuit °

.

_ 9 T solenoid
N2 Cavity Magnet & 4.5
K Circuit

Titanium

Total QTY =13 Alignment

Rails
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322 MHz B = 0.53

Total QTY =18

2K 40 K Thermal
Cryogenic Shield
Circuit

Titanium

9 T solenoid Magnet Alignment
& 4.5 K Circuit Rails

FPC
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